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FOREWORD 

The work described here in  i s  being performed by the General 
E l e c t r i c  Company under the  sponsorship of the  National Aeronautics 
and Space Administration under Contract NAS 3-2534. I ts  purpose,  
a s  ou t l i ned  i n  the  c o n t r a c t ,  i s  to eva lua te  materials s u i t a b l e  f o r  
potassium lub r i ca t ed  jou rna l  bearing and s h a f t  combinations f o r  
u s e  i n  space system turbogenerators and, u l t i m a t e l y ,  t o  recommend 
those ma te r i a l s  most appropr ia te  f o r  such employment. 

R.  G. Frank, Manager, Physical Metallurgy, Mater ia l s  and 
Processes ,  i s  adminis ter ing the  program f o r  t he  General Electric 
Company. L. B. Engel, Jr., D. N. Miket ta ,  T. F. Lyon, W. H. 
Hendrixson and E. M. Bamberger are d i r e c t i n g  the  program i n v e s t i -  
ga t ions .  The design f o r  t he  f r i c t i o n  and w e a r  tester is  being 
executed by H. H. Ernst .  

R.  L. Davies of the  National Aeronautics and Space Administration 
is the  technica l  manager f o r  t h i s  study. 
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I. INTRODUCTION 

The program reviewed i n  t h i s  second qua r t e r ly  r e p o r t ,  covering 
a c t i v i t i e s  from July 22, 1963 t o  October 22, 1963, i s  performed 
under the  sponsorship of the National Aeronautics and Space 
Administration. Its purpose i s  t o  eva lua te  materials s u i t a b l e  f o r  
potassium lubr ica ted  journa l  bearing and s h a f t  app l i ca t ions  i n  
space sys t em turbogenerators operat ing over a 400°F t o  1600°F 
temperature range. The c r i t i c a l  r o l e  of bear ings i n  such systems 
demands the  maximum r e l i a b i l i t y  a t t a i n a b l e  wi th in  today ' s  state- 
of-the-art, Achieving t h i s  r e l i a b i l i t y  r equ i r e s  an i n t e r d i s c i -  
p l i n a r y  approach employing the  b e s t  mechanical des igns  of j ou rna l  
bea r ings  combined with the  se l ec t ion  of the  optimum materials t o  
se rve  as the  s t r u c t u r a l  m e m b e r s ,  Sa t i s fy ing  t h i s  la t ter  require-  
ment c o n s t i t u t e s  the  a i m  of t h i s  program, 

A number of i n v e s t i g a t o r s  have conducted s t u d i e s  i n  t h i s  f i e l d  
and t h e i r  con t r ibu t ions  have advanced the  s ta te -of - the-ar t  con- 
s iderab1y. l  Although their work i s  s i g n i f i c a n t ,  there are no 
common c r i t e r i a  f o r  a comparison of the  existing data .  13rereforei 
e s t a b l i s h i n g  a un i f i ed  approach t o  the  development and eva lua t ion  
of materials f o r  potassium lubr ica ted  bear ing app l i ca t ion  i s  
deemed e s s e n t i a l .  The program involves  a comprehensive i n v e s t i -  
ga t ion  of material p r o p e r t i e s  adjudged r e q u i s i t e  t o  r e l i a b l e  
jou rna l  bear ing opera t ion  i n  t h e  proposed environment, T h i s  in-  
c ludes:  1) corrosion t e s t i n g  of ind iv idua l  m a t e r i a l s  and 
p o t e n t i a l  bear ing couples i n  potassium l i q u i d  and vapor,  2 )  de- 
terminat ion of hot  hardness,  hot compressive s t r e n g t h ,  modulus 
of e l a s t i c i t y ,  thermal expansion and dimensional s t a b i l i t y  
c h a r a c t e r i s t i c s ,  3) w e t t i n g  t e s t s  by potassium, and 4)  f r i c t i o n  
and wear measurements of se lec ted  bear ing couples i n  high vacuum 
and i n  l i q u i d  potassium. 

Applying a compilation of e x i s t i n g  data on ava i l ab le  materials, 
candidate  materials w i l l  be selected i n  cooperat ion w i t h  the  
cognizant NASA t echn ica l  manager, The ma te r i a l s  reviewed f a l l  
i n t o  fou r  broad ca tegor ies :  

0 Superalloys and r e f r ac to ry  a l l o y s  w i t h  
and without sur face  treatment.  

0 Commercial metal bonded carbides .  

'"Materials f o r  Potassium Lubricated Journal Bearings ," Q t r .  
Rept. 1, C t r .  HAS 5-681 ( J u l y  22, 19631, SPPS, MSD, General 
E l e c t r i c  Company. v. Sect ion V I I I .  Bibliography, 
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0 Refractory compounds such as s t a b l e  
oxides ,  carb ides ,  borides and n i t r i d e s .  

0 C e r m e t s  based on t h e  r e f r ac to ry  metals 
and s t a b l e  carbides. 

Each material w i l l  be procured from appropriate  supp l i e r s  t o  
mutually acceptable  spec i f i ca t ions  and subsequently subjected t o  
chemical,  physical  and meta l lurg ica l  analyses t o  document i t s  
c h a r a c t e r i s t i c s  before u t i l i z a t i o n  i n  the  program, A f t e r  the  
documentation of processes  and p rope r t i e s ,  t he  candidate materials 
w i l l  undergo corrosion,  dimensional s t a b i l i t y ,  thermal expansion, 
compression and h o t  hardness t e s t ing .  Considering the  bear ing 
material  requirements and the  preliminary information obtained on 
materials subjected t o  both potassium and non-potassium t e s t i n g ,  
a number of materials combinations w i l l  be se l ec t ed  i n  cooperation 
wi th  and subjec t  t o  the  approval of the NASA t echnica l  manager. 
Potassium corrosion and wet t ing tests and f r i c t i o n  and wear 
measurements i n  high vacuum and l i q u i d  potassium w i l l  then proceed 
wtih these combinations. 

The u l t imate  product of t h i s  program w i l l  be a recommendation, 
subs t an t i a t ed  w i t  h complete documentation, of t he  material  o r  
materials which have the  g rea t e s t  p o t e n t i a l  f o r  use i n  a l k a l i  
m e t a l  journa l  bear ings i n  high speed, high temperature,  r o t a t i n g  
machinery f o r  space appl ica t ions .  Hopefully, the  r e s u l t s  w i l l  
i n d i c a t e  the  fu tu re  course of a l loy  o r  material development 
s p e c i f i c a l l y  designed f o r  a l k a l i  metal l ub r i ca t ed  journa l  bearing 
and s h a f t  combinations. 
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11. SUMMARY 

During the  second qua r t e r  of the  c o n t r a c t ,  the  top ic s  ab- 
s t r a c t e d  below were covered. The r e s u l t s  are in t e rp re -  
t a t i v e l y  presented i n  t h i s  report .  

NASA approved four teen  mater ia l s  f o r  i nc lus ion  i n  the  
program. These include one nonrefractory a l l o y ,  two re- 
f r a c t o r y  metals and a l l o y s ,  three nonrefractory m e t a l  bonded 
ca rb ides ,  f o u r  r e f r ac to ry  m e t a l  bonded carb ides  and fou r  pure 
compounds. 

The l i t e r a t u r e  search and da ta  compilation of p rope r t i e s  
of t h e  candidate  materials was continued. When completed, 
the  data w i l l  be published i n  a t op ica l  repor t .  

I n  an e f f o r t  t o  e s t a b l i s h  mutually agreeable  chemis t ry  and 
prQperty l i m i t a t i o n s  and q u a l i t y  assurance provis ions  t o  assist 
i n  preparing procurement s p e c i f i c a t i o n s ,  d i scuss ions  w e r e  he ld  
w i t h  nine vendors. 

Preliminary test p l ans  covering seven test programs were 
submitted to  NASA for  approval.  These include:  Potassium 
P u r i f i c a t i o n  and Analyses,  Corrosion, Dimensional S t a b i l i t y ,  
Hot Hardness, Compression, Thermal Expansion and F r i c t i o n  
and Wear i n  Vacuum. 

The proposed procedure f o r  the p u r i f i c a t i o n  and ana lyses  
of potassium w a s  approved by NASA. Component p a r t s  of the  
p u r i f i c a t i o n  t r a i n  have been ordered. 

The design f o r  the isothermal capsule  cor ros ion  f a c i l i t y  
w a s  completed and de t a i l  drawings are being prepared.  

The design f o r  the dimensional s t a b i l i t y  test program 
w a s  i n i t i a t e d .  

The f a b r i c a t i o n  of the  vacuum chamber f o r  t h e  compression 
t e s t i n g  f a c i l i t y  w a s  completed. 

The design for  the high vacuum f r i c t i o n  and w e a r  tester 
was completed and d e t a i l  drawings are i n  process .  The high 
vacuum chamber and pumping system was checked ou t  a t  6 x 10-10 
t o r r  c o l d ,  d ry  and empty. - 
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The design f o r  the l iqu id  potassium version of the 
f r i c t i o n  and wear tester was i n i t i a t e d .  

Two progress meetings,  August 15 ,  1963 and September 2 , 
1963, were held with the NASA technical manager during the 
reporting period. 
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111. MATERIALS SELJICTION 

The National Aeronautics and Space Administration endorsed 
fou r t een  candidate  ma te r i a l s  to be included i n  t h i s  program. 
The l i s t  includes the  following materials se l ec t ed  from an 
ex tens ive  compilation on th i r ty - f ive  materials submitted t o  
NASA under separa te  cover on Ju ly  24, 1963 and recorded i n  the 
f i r s t  qua r t e r ly  progress  r epor t .  

1. S t a r  J 8 .  A1203 

2. TZM Mo 9'  Zr02 

3. Tungsten 10. TiB2 

4.  K601 Carbide 11. Tic + 5% W 

5. 999 Carbide 12. T i c  + 10% Mo 

6. 907 Carbide 13. T i c  + 10% Cb 

7. T i c  14. Propr ie ta ry  

A constant  e f f o r t  i s  being devoted t o  compiling and re ferenc ing  
e x i s t i n g  d a t a  on p r o p e r t i e s  of p o t e n t i a l  bear ing materials. Additional 
d a t a  w e r e  obtained during t h i s  i n t e r i m  f o r  these  materials: 

0 TiN 0 T i c  

0 C e s  Z r C  

0 Ta2Be17 

0 TiB2 

'2'3 

Zr02 

0 CbSi2 

The c h a r a c t e r i s t i c s  being surveyed are hardness;  compressive s t r eng th ;  
e l a s t i c  modulus; thermodynamic p rope r t i e s ,  i . e . ,  hea t  of formation, 
en t ropy ,  f r e e  energy? s p e c i f i c  hea t ;  dens i ty ;  mel t ing po in t ;  thermal 
expansion; thermal conduct ivi ty;  c r y s t a l  s t r u c t u r e ;  vapor p re s su res ,  
and evaporat ion rates. When s u f f i c i e n t  d a t a  have been compiled, they 
w i l l  be ed i t ed  and incorporated i n  a t o p i c a l  r epor t ,  To be recognized 
is  the  f a c t  t h a t  the  r e l i a b i l i t y  of much of the  d a t a  i s  dubious because 
of poor o r  unreported experimental techniques and/or poor qua l i t y  
materials which w e r e  used. Frequently,  the  q u a l i t y  of .$he o r i g i n a l  
material w a s  never inves t iga ted  and the  d a t a  w e r e  reported without 
record of t h i s  f a c t .  
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IV. MATERIALS PROCUREMENT 

Columbium-1% Zirconium Alloy 

Four hundred f e e t  of 0.062-inch diameter Cb-1Zr w i r e  w a s  received 
from the  Kawecki Chemical Company. This material w i l l  be used t o  
f a b r i c a t e  specimen holders  f o r  properly pos i t i on ing  the  corrosion 
samples i n  the  l i q u i d  and vapor regions of the  Cb-1Zr a l loy  capsules.  
The w i r e  w a s  purchased t o  the chemical, product q u a l i t y  and f i n a l  
h e a t  t reatment  requirements of s p e c i f i c a t i o n  SPPS-lB, B a r ,  Rod, 
Shee t ,  P l a t e ,  and S t r ip :  Columbium-1% Zirconium A l l o y , "  Space Power 
and Propulsion Sec t ion ,  General E l e c t r i c  Company. 

11 

The Kawecki Chemical Company c e r t i f i e d  t h a t  the  ma te r i a l  w a s  pro- 
duced from hea t  number 7B502-3 with the  ingo t  ana lys i s  given i n  
Table I. The d a t a  der ived from the  vendor's check a n a l y s i s  of the  
f i n a l  product f o r  i n t e r s t i t i a l  elements are also presented i n  Table I. 
N o t e  t h a t  the  hydrogen content  of the  f i n a l  product shows a considerable  
reduct ion  from :the l e v e l  reported f o r  the  o r i g i n a l  ingot .  The f i n a l  
pi-odiict heat treatiaer,t cf m e  hour at 2 2 0 0 0 ~  i n  a vacuum of 10-4 t o r r  
o r  g r e a t e r  w a s  probably instrumental  i n  lowering the  hydrogen content  
to  the  spec i f i ed  product ana lys i s  l i m i t s  of 0.001%. A check a n a l y s i s  
o f  a sample taken approximately a t  the  midpoint of the  400-foot s t r and  
w a s  performed by the  General E l e c t r i c  Company and v e r i f i e d  the  vendor's 
a n a l y s i s  as shown i n  Table I. 

The Cb-1Zr a l l o y  s h e e t ,  0.080-inch t h i c k  x 4-inch wide x 15-inch 
long ,  previously r e j ec t ed  because of u l t r a s o n i c  i n d i c a t i o n s ,  was re- 
placed by the  Kawecki Chemical Company. The material, produced from 
h e a t  number 7B506, had the  following chemical ana lys i s :  

Chemical Analysis of Cb-1Zr A l l o y  Sheet 
Product Analysis,  

Element w t  % 

Zirconium 
Carbon 
Oxygen 
Nitrogen 
Hydrogen 

1.20 
0.0080 
0.0300 
0.0012 
0.0007 

Automation I n d u s t r i e s ,  Columbus, Ohio,performed an u l t r a s o n i c  inspec t ion  
o f  thtis replacement s tock ,  which conformed t o  the  requirements of 
s p e c i f i c a t i o n  SPPS-1B. Purchaser check ana lys i s  of the  i n t e r s t i t i a l  ele- 
ments contained i n  both t h i s  replacement shee t  and i n  t h e  o r i g i n a l  shee t  
are i n  process .  
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TABLE I: CHEMICAL ANALYSES OF Cb-1Zr WIRE 
(He at Number 7B502-3 ) 

Final Product Analyhis , 
Ingot Analysis, w t  x 

Element w t  *% Kamcki 169994 GE 460 

Zirconium 1.03 --- --- 
0.0055 0,0042 0.005/0.007 Carbon 

Nitrogen 0.0040 0.0042 0.0030 

Oxygen 0.0200 0.0172 0.0158 

Hydrogen 0.0040 0.0007 0.007 

Tantalum <O. 0800 --- --e 

Silicon 0.0020 --- --- 
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Production of the  1.0-inch diameter x 0.080-inch th i ck  w a l l  tubing 
f o r  f ab r i ca t ion  of the corrosion capsules  has  been delayed by the  
vendor 's  subcontractors .  The del ivery d a t e  i s  now November 1, 1963, 
a th ree  month de lay  from t h e  o r i g i n a l  promise date .  The l ack  of 
acceptable  vacuum hea t  t r e a t i n g  f a c i l i t i e s  f o r  intermediate  and f i n a l  
anneal ing of r e f r a c t o r y  a l l o y  m i l l  products  i n  lengths  exceeding 
several f e e t  has  proved the major obs t ac l e  i n  t h e  production process .  
When t h e  tubing i s  received and processed through the  spec i f ied  
q u a l i t y  assurance tests, a l l  the  Cb-1Zr r a w  materials required f o r  
f a b r i c a t i o n  of t he  corrosion capsules w i l l  be on hand. 

Bearing Materials 

Producers of the  materials which w e r e  approved by NASA w e r e  apprised 
of t he  se l ec t ion .  Subsequently, v i s i t s  t o  ob ta in  the  information and 
d a t a  p r e r e q u i s i t e  t o  d e t a i l i n g  procurement s p e c i f i c a t i o n  were arranged. 
The problem of r ep roduc ib i l i t y  motivated a dec i s ion  t o  concentrate  on 
those  vendors, approximately 60% of the  l ist ,  whose products necess i ta ted  
powder metallurgy techniques i n  the production processes .  This class of 
materials required t h a t  e x p l i c i t  vendor-purchaser agreements be esta- 
b l i shed  t o  ensure ,  as near ly  as poss ib l e ,  the  eventua l  procurement of 
sound, representa t ive  and reproducible mater ia l .  Producers of t he  
less known wrought materials, i . e . ,  pure coba l t  and Vasco-Hypercut, 
were a l s o  v i s i t e d .  Table I1 i s  a l i s t i n g  of t he  vendors who w e r e  
contacted and the materials which w e r e  d iscussed.  

The d iscuss ions  with the  vendors concentrated on four  fundamentals: 

1) A review of t h e  p ro jec t  goa l s ,  emphasizing 
p a r t i c u l a r l y  the  r e q u i s i t e  t o  achieve the 
h ighes t  q u a l i t y  and r ep roduc ib i l i t y  i n  t h e i r  
re spec t i v e  materi a ls  

2 )  The vendors experience with those production 
processes  which, i n  t h e i r  opinion,  most l i k e l y  
r e a l i z e  the  q u a l i t y  of product compulsory f o r  
the test program 

3)  The materials p rope r t i e s  

4)  The q u a l i t y  con t ro l  measures t o  be spec i f i ed  
i n  forthcoming purchase orders .  

The production method se lec ted  f o r  the  major i ty  of the  powder m e t -  
a l l u r g y  materials e n t a i l e d  cold press ing  m a s t e r  blocks of t h e  material ,  
s ec t ion ing  the  blocks i n t o  specimen blanks and, f i n a l l y ,  s i n t e r i n g  and 
gr inding  the  blanks i n t o  f i n a l  configurat ions.  

E f f o r t s  t o  e s t a b l i s h  qua l i t y  con t ro l  provis ions  i n  the  s p e c i f i c a t i o n s  
engendered considerable  opposit ion from many of the  vendors. Most of 
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TABLE 11: VENDORS CONTACTED F’OR THE PREPARATION 
OF PROCUREMENT SPECIFICATIONS 

Vendor Candidate Mater ia l  

GE, Meta l lurg ica l  Products Dept. Carboloy 779, 907, 999 
D e t r o i t ,  Michigan 

Kennametal , Inc , 
Latrobe, Pennsylvania 

Carborundum Co. 
Niagara F a l l i  New York 

Fi r th -S te r l ing ,  Inc. 
P i t t sbu rgh ,  Pennsylvania 

GE,  Lamp G l a s s  Dept. 
Cleveland, Ohio 

Zirconium Corp. 
Cleveland, Ohio 

Vanadium Alloy S t e e l  Co. 
Latrobe, Pennsylvania 

S t e l l i t e  Div,, Union Carbide 

Kokomo , Indiana 
corp. 

Norton Co. 
Worchester, Massachusetts 

K601, K150A, T i C  and Refractory 
Metals Bonded Tic 

Z r C ,  T i c ,  TiBZ 

Z r C ,  T I C ,  TiB2 and Refractory 
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t h e  detailed processing and control  procedures a r e  v e i l e d  by vendor 
p r o p r i e t a r y  p o l i c i e s  and material p r o p e r t i e s  p e r t i n e n t  t o  a s p e c i f i -  
c a t i o n  were provided q u i t e  r e luc t an t ly .  In  no case were any s t r eng th  
p r o p e r t i e s ,  t ransverse  rup tu re ,  compression, e t c . ,  p rofer red  a s  a con t ro l  
f a c t o r  i n  procurement. Generally,  t he  only p r o p e r t i e s  t o  which the  
powder metallurgy material vendors c o n s i s t e n t l y  agreed f o r  s p e c i f i -  
c a t i o n  purposes w e r e  d e n s i t y ,  hardness and p o r o s i t y ,  and, i n  cases of 
the  lesser used ma te r i a l s ,  even t h e s e  p rope r t i e s  w e r e  unavai lable .  

Recognizing t h i s  l imi ted  information,  a genera l  procurement 
s p e c i f i c a t i o n  w a s  prepared so tha t  a l l  the  powder metallurgy mater- 
i a l s  could be ordered t o  a uniform s p e c i f i c a t i o n  by i n s e r t i n g  the  
composition and ava i l ab le  p rope r t i e s  of a p a r t i c u l a r  ma te r i a l .  The 
s p e c i f i c a t i o n  w a s  heavi ly  weighted i n  the a reas  of r a w  material and 
process  con t ro l  documentation and i n  f i n a l  product uniformity rela- 
t i v e  t o  chemistry,  dens i ty  , hardness and po ros i ty  a s  determined by 
d e s t r u c t i v e  (test coupons) and nondestructive (test specimens) tech- 
niques.  The s p e c i f i c a t i o n  permits l a t i t u d e  i n  the s e l e c t i o n  of the  
b a s i c  consol ida t ion  process ,  contingent upon the  experience of the  
r e spec t ive  vendor, t o  produce mater ia l s  w i t h  p r o p e r t i e s  which the 
vendors consider  r ep resen ta t ive  and reproducible .  To d e l i n e a t e  
l i m i t s  f o r  d e n s i t y ,  hardness  and poros i ty  f o r  those materials lacking 
d a t a ,  the  s p e c i f i c a t i o n  r equ i r e s  s eve ra l  runs u t i l i z i n g  the more 
promising procedures t o  produce a reproducible  maximum dens i ty .  With 
t h i s  approach, add i t iona l  samples would be f ab r i ca t ed  t o  e s t a b l i s h  an 
average hardness and poros i ty  f o r  the  spec i f i ed  p r o p e r t i e s  f o r  t h a t  
material. 

Because of the  r e s t r i c t i v e n e s s ,  documentation and q u a l i t y  assurance 
provis ion  prescr ibed i n  t h e  s p e c i f i c a t i o n ,  s u b s t a n t i a l  oppos i t ion  may 
be encountered. However, t o  assure procurement of sound, r ep resen ta t ive  
and reproducible  m a t e r i a l s  f o r  the program, the  p r i n c i p a l  con t r ad ic t ions ,  
i n  a l l  p r o b a b i l i t y ,  can bc mutually resolved.  

A s p e c i f i c a t i o n  was prepared for  the  c a s t  material S t a r  J which, 
w i t h  few except ions ,  approximates the  genera l  s p e c i f i c a t i o n  t h a t  w a s  
prepared f o r  the  powder metallurgy material. Spec i f i c  proper ty  l i m i t s  
r equi red  i n  t h e  s p e c i f i c a t i o n  were incorporated after consul, tation with 
r ep resen ta t ives  of the  S t e l l i t e  Division of Union Carbide Corporation. 

By augmenting e x i s t i n g  spec i f i ca t ions  t o  provide f o r  the  necessary 
documentation and q u a l i t y  assurance s e c t i o n ,  s p e c i f i c a t i o n s  f o r  t h e  
wrought ma te r i a l s  w i l l  be adopted. 
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V. TEST PROGRAM 

Preliminary test plans for the following investigations were sub- 
mitted to the NASA technical manager for review and approval 
July 30, 1963: 

1) Potassium Purification and Analysis 

2 )  Corrosion 

3) Dimensional Stability 

4 )  Hot Hardness 

5) Compression 

6) Thermal Expansion 

7) Friction and Wear in Vacuum 

Currently, the proposed procedures for the purification and analysis 
of the potassium, which is essential for the test programs, have been 
approved and construction of the purification system has been initiated. 
A description of the purification and analytical procedure is given 
in Section VI. 

Test plans for the remaining two investigations, wetting and friction 
and wear in liquid potassium, will be detailed when the testing pro- 
cedures have been defined. 
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V I .  TEST FACILITIES 

Potassium P u r i f i c a t i o n  and Analvsis 

The ob jec t ive  of t h i s  t a s k  i s  t o  supply potassium of the  highest 
p u r i t y  f o r  three test programs: 1) capsule  corrosion tests t o  
determine the  corrosion res i s tance  of t he  candidate  materials i n  
potassium l i q u i d  and vapor 2 )  an i n v e s t i g a t i o n  of f r i c t i o n a l  and 
w e a r  p r o p e r t i e s  i n  potassium l iqu id  and, 3) s ince  the l u b r i c a t i n g  
p r o p e r t i e s  of l i q u i d s  are q u i t e  dependent on the sur face  p r o p e r t i e s  
of the  l iqu id-subs t ra te  i n t e r f a c e ,  a concurrent program w i l l  in-  
v e s t i g a t e  the  wet t ing  c h a r a c t e r i s t i c s  of l i q u i d  potassium. The use 
of high p u r i t y  potassium i s  warranted f o r  s eve ra l  reasons.  For 
example, the  i n t e r s t i t i a l  e l e m e n t s  such a s  carbon, oxygen, n i t rogen  
and hydrogen i n  the  potassium are ge t t e red  by many materials, thereby 
changing t h e i r  phys ica l  and mechanical p rope r t i e s .  A l s o ,  the  presence 
of oxygen i n  a l k a l i  metals a t  e levated temperatures i n t e n s i f i e s  the 
mass t r a n s f e r  of carbon2 and some metallic elements? Fur ther ,  by 
analogy w i t h  other l i q u i d  sys t ems  , i t  is  reasonable t o  a n t i c i p a t e  t h a t  
i n t e r f a c i a l  p r o p e r t i e s  w i l l  be a f fec ted  by small amounts of impur i t ies  
which p r e f e r e n t i a l l y  concentrate a t  i n t e r f a c e s  or su r faces  because of 
the changes i n  cohesive f o r c e s  occurring a t  these loca t ions .  The 
presence of sur face  f i l m s  on the contac t  su r f aces  has been aff i rmed,  
tq markedly a f f e c t  w e t t a b i l i t y  and f r i c t i o n a l  forces .4  

T e s t  Equipment. The diagram i n  Figure 1 i l l u s t r a t e s  bas i c  equip- 
ment and apparatus  t o  be used f o r  the  potassium p u r i f i c a t i o n .  The 
components include: 

1) The potassium supply conta iner  i n  which the  
potassium w i l l  be outgassed and from which 
the material w i l l  be t r ans fe r r ed  t o  t h e  s t i l l .  

2) The vacuum d i s t i l l a t i o n  r i g  i n  which the  potass-  
ium w i l l  be separated from i ts  impur i t i e s  a t  450'F 
t o  650°F and a vacuum of 10-5 t o r r  i n  the  rece iver .  

3) The t i tanium-l ined,  zirconium-gettered hot t r a p  
which w i l l  r ece ive  and g e t t e r  t he  d i s t i l l a t e  a t  
1400'F. 

4 )  The vacuum gystem which w i l l  be used f o r  outgassing 
and d i s t i l l i n g  the potassium. 

Auxil iary equipment and apparatus w i l l  inc lude  an argon p u r i f i c a t i o n  
system, temperature measurement equipment, vacuum gauge readout i n -  
s t rumentat ion and l eak  de tec t ion  apparatus .  The  bas i c  and a u x i l i a r y  
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s y s t e m s  are descr ibed i n  t h e  succeeding paragraphs. 

Potassium Supply System. The shipping conta iner  i n  which t h e  
potassium w i l l  be outgassed and from which t h e  potassium w i l l  be 
t r a n s f e r r e d  t o  t h e  s t i l l  i s  shown i n  Figure 2. The shipping conta iner  
w i l l  cons i s t  of a c y l i n d r i c a l  can equipped with gas and potassium 
t r a n s f e r  piping.  The potassium dip-leg o u t l e t  s ec t ion  w i l l  include 
a 5-micron, s in t e red ,  s t a i n l e s s  steel f i l t e r  and a s t a i n l e s s  steel ,  
bellcws s sa l ed ,  I-type, Tal:-s t h a f  c+r bs  +‘.c-rugkLy @?53.r~d d t ~  +o 
t h e  va lve  seat. The conta iner  gas l i n e  w i l l  be connected t o  a pure 
argon supply. The V e r t i c a l  gas port  w i l l  have an insu la ted ,  s l i d i n g ,  
quad-ring seal through which the  potassium height  can be measured 
wi th  a 1/4-inch OD thermowell. The measurement w i l l  involve t h e  
completion of an electrical  c i r c u i t  when t h e  thermowell touches t h e  
potassium; a t  t h i s  point  t h e  height of  t h e  thermowell extending above 
t h e  gas po r t  w i l l  be measured. The d i f f e rence  between t h e  i n i t i a l  
height  and subsequent height measurements w i l l  r epresent  t h e  change 
i n  potassium l eve l .  The shipping conta iner  and t r a n s f e r  l i n e s  w i l l  
be heated with hea t ing  tape .  

Vacuum D i s t i l l a t i o n  Rig. The d i s t i l l a t i o n  apparatus  i s  shown 
i n  Figure 3. The design of t h e  s t i l l  is  based on t h e  performance 
of  a d i s t i l l a t i o n  u n i t  t h a t  has  been used i n  t h e  study of potassium 
p u r i f i c a t i o n  i n  t h i s  l a b ~ r a t o r y . ~  Except a s  noted i n  Figure 3, a l l  
p a r t s  w i l l  be constructed from Type 304 SS. 

The s t i l l  pot w i l l  be constructed from a 5-inch diameter p ipe  cap 
and a 3-inch sec t ion  o f  5-inch d i a m e t e r  Schedule 10 pipe.  The bottom 
of t h e  p ipe  cap w i l l  be  d r i l l e d  t o  accept  a 1/2-inch diameter Schedule 
40 tee. A dra in  valve and a f i l l i n g  and sampling valve w i l l  be 
connected t o  t h e  bottom tee w i t h  1.2-inch diameter Schedule 40 pipe.  
The d r a i n  va lve  and t h e  f i l l i n g  and sampling va lve  w i l l  be a s t a i n l e s s  
steel, bellows sea led  type .  Heating t h e  s t i l l  pot w i l l  be accomplished 
from t h e  s i d e s  with t h r e e  c y l i n d r i c a l  band hea te r s ,  each r a t e d  a t  750 
w a t t s .  

The vapor path between t h e  b o i l e r  and condenser w i l l  be formed by 
a 5-inch diameter Schedule 10, shor t  rad ius ,  90° elbow. The up-pass 
elbow w i l l  contain a thermowell which extends v e r t i c a l l y  down t h e  
cen te r  of  t h e  s t i l l  pot i n t o  the  tee  at  t h e  bottom of t h e  pot .  The 
e n t i r e  b o i l e r  and up-pass sect ion w i l l  be in su la t ed  with 2 t o  3 inches 
of aluminum-encased, f ib rous  alumina-si l ica .  The condenser s ec t ion  
w i l l  cons i s t  of two 5-inch diameter Schedule 10, long r ad ius ,  90° 
elbows shown i n  Figure 3. This  s ec t ion  w i l l  be cooled by n a t u r a l  
convect i on  and r a d i a t i o n  t o  t h e  atmosphere. 

A s  shown i n  Figure 3, t h e  d i s t i l l a t e  r ece ive r  w i l l  cons i s t  of a 
4-inch diameter Schedule 10 pipe connected t o  t h e  condenser through an 
adapter  p l a t e .  The d i s t i l l a t e  w i l l  flow i n t o  t h e  r ece ive r  through 
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Figure 2. Potassium Supply System 
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a 1-inch diameter ho le  i n  the  adapter p l a t e  and r ece ive r  w a l l .  A 
g l a s s  viewport, a glass-to-Kovar seal assembly, w i l l  be a t tached 
t o  the  top of the  r ece ive r  w i th . a  copper-gasketed f lange.  The re- 
c e i v e r  s ec t ion  below the  condenher w i l l  conta in  a thermowell f o r  
temperature and l e v e l  measurement. The bottom of the r ece ive r  w i l l  
be  connected to  a s t a i n l e s s ,  bellows sea led  L valve by l/’Z-inch 
diameter  Schedule 40 pipe.  The rece ive r  vacuum p o r t  w i l l  be located 
approximately 6 inches above the d i s t i l l a te  i n l e t  and w i l l  contain 
vacuum measurement gauges and a s t a i n l e s s  steel, bellows sealed 
valve. 

Hot Trap. A twenty-five-pound capac i ty  ho t  t r a p ,  shown i n  
Figure 4 and e s s e n t i a l l y  i d e n t i c a l  to  t h e  type c u r r e n t l y  being 
used i n  t h i s  labora tory  f o r  potassium p u r i f i c a t i o n  work, w i l l  r ece ive  
t h e  dis t i l la te .5  The body w i l l  be a 30-inch length  of 8-inch diameter 
Schedule 10 ,  Type 316 SS pipe  equipped with 1/4-inch t h i c k  end p l a t e s .  
A d i p  l e g  containing a f i l t e r  and a s ta inless  steel, bellows sea led  L 
valve extends t o  wi th in  one inch of the  bottom of the hot  t r a p .  The 
g a s  l i n e  i s  also equipped with a s t a i n l e s s  steel, bellows sea led  L 
valve because the  d i s t i l l a t e  w i l l  e n t e r  the  h o t  t r a p  through t h i s  
valve and n e c e s s i t a t e  cleaning. The t i tanium l i n e r  w i l l  be f ab r i ca t ed  
from 0.040-inch t h i c k  t i t an ium shee t  of grade Ti55A o r  purer .  A l -  
t e r n a t e  s t r a i g h t  and corrugated s t r i p s  of zirconium w i l l  form the  
g e t t e r  bundle, which w i l l  be a t tached t o  the d i p  leg.  by spot  welding. 
The ho t  t r a p  w i l l  be heated with electric hea t ing  u n i t s  w i t h  a 9 kw 
to ta l  power r a t ing .  In su la t ing  w i l l  be accomplished with f ib rous  
alumina-silica. 

Vacuum System. Figure :5 shows $he vacuum sys t em t o  be used f o r  
outgassing and d i s t i l l a t i o n .  The system w i l l  include a 140R/sec  high 
capac i ty  roughing pump and a 2-inch, 851/sec f r a c t i o n a t i n g  o i l  
d i f f u s i o n  pump. The i n l e t  t o  the  d i f f u s i o n  pump w i l l  be ba f f l ed  by a 
cold t r a p ,  cooled with l i q u i d  n i t rogen ,  t o  minimize backstreaming of 
o i l  vapor. A l l  valves  upstream from the vacuum sys t em w i l l  be t h e  
s t a i n l e s s  steel, welded bellows type. 

Fabr ica t ion  and Assembly. With those except ions ind ica ted  i n  
t h e  i l l u s t r a t i o n s ,  a l l  j o i n t s  i n  the  d i s t i l l a t i o n ,  ho t  t r a p  and 
vacuum sys t ems  w i l l  be fus ion  welded using tungsten-inert-gas tech- 
niques,  Before welding, a l l  p a r t s  w i l l  be degreased and then pickled 
i n  20% aqueous hydrochlor ic  acid and, whenever f e a s i b l e ,  a l l  welds 
will : , .be p ick led  i n  the  acid so lu t ion  t o  remove sur face  oxides.  Potass- 
ium t r a n s f e r  l i n e s  between the  shipping conta iner  and s t i l l  pot  and 
between the  s t i l l  r ece ive r  and hot  t r a p  w i l l  c o n s i s t  of 1/2-inch OD, 
Type 321 SS tubing and Type 316 SS swagelok connectors.  I f  p roper ly  
i n s t a l l e d ,  experience has  shown t h a t  such connectors do not leak a t  
t h e  temperature required f o r  t r a n s f e r r i n g  the  potassium. 

Argon Pur i f i ca t ion .  A special ,  high p u r i t y  grade argon cover 
g a s  w i l l  be used. The gas w i l l  be p u r i f i e d  f u r t h e r  i n  a s y s t e m  which 
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i s  i d e n t i c a l  t o  one cu r ren t ly  operat ing a t  t h i s  laboratory.  The 
procedure e n t a i l s  passing t h e  gas through a s t a i n l e s s  steel ,  9 8 
molecular s i eve  and, subsequently, over t i t an ium turnings heated t o  
1500°F. A f t e r  t h e  argon i s  passed through t h i s  system, i t  should 
have an oxygen content of  <0.6 ppm by volume measured by t h e  Brady 
apparatus  and a water content of (1 ppm by volume measured by a 
dew point  i nd ica to r .  

Temperature Measurement. Chromel-alurnel M e  i c s u l a t e d ,  
s t a i n l e s s  steel sheathed thermocouples w i l l  be used f o r  a l l  
potassium temperature measurements. 
w i l l  be accomplished by comparing them with a platinum r e s i s t a n c e  
thermometer i n  an o i l  bath up t o  650°F and w i t h  a s tandardized 
P t  vs .  P t  + 10% Rh thermocouple above 650°F. Temperatures w i l l  be 
read out on a mult ipoint  potent iometr ic  recorder .  

Ca l ib ra t ion  of t h e  thermocouples 

Leak Checking. A f t e r  f ab r i ca t ion ,  t h e  d i s t i l l a t i o n  and hot 
t rapping  apparatus  w i l l  be helium leak checked w i t h  a mass spectro-  
meter leak de tec to r .  The maximum s e n s i t i v i t y  of t h i s  instrument is 
approximately 10-8 atm-cc/sec. 

Pressure  Measurement. Thermocouple vacuum gauges w i l l  measure 
pressures  down t o  t o r r .  Pressures  from t o r r  t o  t o r r  
w i l l  be measured by  Bayard-Alpert i o n i z a t i o n  gauges. 

T e s t  Procedures.  Potassium w i t h  a guaranteed ana lys i s  of less 
than 50 ppm oxygen and less than 50 ppm sodium can be  purchased. 
T h i s  grade potassium w i l l  be used i n  t h i s  program. 

A f t e r  t h e  potassium is  de l ivered ,  t h e  following p u r i f i c a t i o n  
procedures w i l l  be applied: 

1) The potassium w i l l  be heated t o  450'F i n  t h e  
shipping conta iner  and degassed by evacuating 
w i t h  t h e  1 4 0 1 / s e c  mechanical pump through a 
d r y  ice-acetone cooled co ld  t r a p  u n t i l  the  
pressure  becomes constant .  

2) T h e  potassium w i l l  be backf i l l ed  w i t h  pu r i f i ed  
argon, cooled slowly t o  200°F and f i l t e r e d  i n t o  
t he  stil'l pot through a 5 10 micron pore size, 
s t a i n l e s s  steel, micrometall ic f i l t e r  e Previously,  
t h i s  s t i l l  w i l l  have been helium leak checked, 
outgassed, and again leak checked a t  a pressure  
below t o r r .  The p re s su re  w i l l  be measured 
on t h e  s t i l l  size of t h e  co ld  t r a p .  

3) The s t i l l  pot ,  which w i l l  not hold the  t o t a l  
amount of potassium d i s t i l l e d  i n  one run, w i l l  be 
continuously r e f i l l e d  from t h e  bottom during t h e  
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d i s t i l l a t i o n  c y c l e .  Surface evaporation w i l l  
be maintained between 450° and 6000F. Depending 
on t h e  r'eceiver temperature, t h e  pressure  i n  t h e  
s t i l l  w i l l  vary from approximately 1 t o r r  i n  the  
pot t o  approximately torr i n  t h e  rece iver .  

4) The potassium i n  the r ece ive r  w i l l  be continuously 
emptied i n t o  a t i tanium lined, zirconium ge t t e red  
hot t r a p ,  u n t i l  t he  hot t r a p  is  f u l l  (25-30 l b s ) .  

5) The potassium w i l l  be ge t t e red  f o r  more than 50 
hours a t  1400°-15000F before  being t r a n s f e r r e d  
t o  any test  r i g  or capsule.  

6 )  The potassium w i l l  be  analyzed before  and a f t e r  
p u r i f i c a t i o n  and a l so  when it i s  t r ans fe r r ed .  

Since,  w i t h  t h i s  p u r i f i c a t i o n  system, t h e  f i n a l  p u r i t y  of the potassium 
produced depends pr imar i ly  upon t h e  p u r i f i c a t i o n  procedure r a t h e r  than  
t h e  i n i t i a l  potassium q u a l i t y ,  the  potassium which has been used i n  t h e  
f r i c t i o n  tester w i l l  be reclaimed. The p u r i f i c a t i o n  equipment descr ibed 
i n  t h e  preceding d iscuss ion  has been designed i n  d e t a i l  and components 
have been ordered. 

The as-recefved potassium w i l l  be analyzed f o r  oxygen and sodium. 
Af t e r  p u r i f i c a t i o n ,  a set of analyses  w i l l  be obtained f o r  oxygen, 
n i t rogen ,  metallics and, possibly,  carbon. A carbon ana lys i s  w i l l  be 
performed only i f  a s u i t a b l e  method has been developed. Addi t iona l ly ,  
analyses  f o r  oxygen w i l l  be performed on samples obtained during t h e  
t r a n s f e r  of a l l  potassium t o  e i t h e r  t h e  capsule  o r  f r i c t i o n  test equip- 
ment and analyses f o r  me ta l l i c s  w i l l  be performed on t h e  potassium 
obtained a f t e r  test from t h e  capsules tested a t  t h e  maximum test  
temperature.  Fur ther ,  i f ,  because of t h e  test schedule,  t h e  p u r i f i e d  
potassium remains i n  t h e  h o t  t r a p  longer than  t w o  weeks between uses ,  
i t  w i l l  be re-analyzed f o r  oxygen before  t r a n s f e r  t o  capsule  or f r i c t i o n  
test  equipment. 

Curren t ly ,  t h e  i n t e r s t i t i a l  elements, oxygen and n i t rogen  i n  t h e  
0 t o  50 ppm range, can be  analyzed w i t h  p r ec i s ion  (+5 ppm) on properly 
obtained specimens; a method fo r  t h e  determinat ion Gf t o t a l  carbon i s  
expected t o  be developed completely i n  t h e  near  fu tu re .  Overal l  
p rec i s ion  f o r  t h e  l a t te r  has  not been e s t ab l i shed  y e t ,  but present  
evidence i n d i c a t e s  a prec is ion  s i m i l a r  t o  t h a t  for oxygen and n i t rogen .  

Oxygen is determined by the  amalgamation technique and, s ince  t h e  
t r u e  na tu re  of the  res idue  by  amalgamation i s  unknown, t h e  accuracy 
of t h e  "oxygen" values  obtained is  not known. However, a low "oxygen" 
va lue  i n d i c a t e s  high pu r i ty ,  s ince  it  c o r r e l a t e s  with t h e  p u r i f i c a t i o n  
procedures appl ied .  Nitrogen i s  analyzed by a modified micro-Kjeldahl 
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technique. The a n a l y t i c a l  method f o r  carbon i s  an adaptat ion of t h e  
combustion method described by S. Kallmann and R. Liu of Ledoux and 
Company, Incorporated.  The metallic impur i t ies  i n  potassium w i l l  be 
analyzed by spectrographic  techniques.  Present  c a p a b i l i t i e s  for t h e  
ana lys i s  of t h e  m e t a l l i c  impur i t ies  i n  potassium, such a s  potassium 
chlor ide ,  are i n  t h e  0 t o  25 ppm range. During t h e  f i rs t  q u a r t e r  
of 1964, however, t h i s  range w i l l  be extended. Table 111 presents  
t h e  de t ec t ion  l i m i t s .  Flame photometric techniques w i l l  be used t o  
ana!.yze po+assiw! fey  scrdiurn 

Corrosion 

The design of t h e  test  setup f o r  conducting t h e  isothermal  capsule  
corrosion tests i s  completed e s s e n t i a l l y  and d e t a i l e d  drawings are 
being prepared f o r  submission t o  t h e  NASA techn ica l  manager during 
t h e  next qua r t e r .  On September 2 7 ,  1963, a drawing of t h e  conceptual 
design w a s  forwarded t o  NASA fo r  review. De ta i l s  of t h e  f a c i l i t y  
w i l l  be reported a f t e r  NASA approval. 

Dimensional S t a b i l i t y  

The design of t h e  t e s t  f a c i l i t y  t o  be employed i n  eva lua t ing  t h e  
dimensional s t a b i l i t y  of t h e  candidate  ma te r i a l s  i s  cu r ren t ly  under- 
way. The bas ic  design approximates t h a t  t e n t a t i v e l y  planned for t h e  
isothermal  corrosion t e s t  program. Deta i led  drawings should be 
prepared and submitted t o  t h e  NASA techn ica l  manager wi th in  t h e  
next r epor t ing  per iod.  

Hot Hardness 

To measure t h e  hot hardness of t h e  candidate  materials, f a c i l i t i e s  
located a t  t h e  General E l e c t r i c  Company's Research Laboratory w i l l  be 
used. The instrument,  designed and f ab r i ca t ed  by Research Laboratory 
personnel,  has provided valuable  da t a  on a v a r i e t y  of ma te r i a l s  ranging 
from g la s ses ,  ceramics and i n t e r m e t a l l i c  compounds t o  pure metals. 
However, s ince  t h e  cons is ten t  opera t ing  vacuum i s  approximately 1.0 x 
10-4 t o r r ,  less than  t h e  10-6 torr l e v e l  d e s i r a b l e  f o r  t h e  program, 
a meeting was held a t  t h e  Research Laboratory t o  d iscuss  t h e  f e a s i b i l i t y  
of improving t h e  vacuum c a p a b i l i t i e s  of t h e  instrument.  The general  
agreement was t h a t  a complete major overhaul of t h e  f a c i l i t y  w i l l  be 
executed i n  an attempt t o  achieve t h e  requi red  vacuum. When t h i s  has 
been accomplished, a t r i a l  run w i l l  be conducted with a Cb-1Zr a l l o y  
specimen t o  determine t h e  a c c e p t a b i l i t y  of t h e  f a c i l i t y .  

Compression 

In  August, an approved vendor was se l ec t ed  f o r  t h e  vacuum chamber 
which i s  being purchased f o r  t h e  program by t h e  General E l e c t r i c  
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TABLE 111: SENSITIVITY OF SPECTROGRAPHIC ANALYSIS FOR METALLIC 

(As C h l o r i d e )  
IMPURITIES I N  POTASSIUM 

E l e m e n t  
Min . Amt . 

Detect ab E e  

Mg ................................................................. <1 
Mn ................................................................. <1 
Cr ................................................................. <I 
Sn .................................................................. *.I 
si ................................................................. 0 
T i  .................................................................... 1 
A 1  ................................................................. (1 
V .................................................................... .l 
CU .................................................................. * .5  
Ag ................................................................. <1 
co ................................................................. <1 
Nil ................................................................... 1 
Zr .................................................................... 5 
Pb .................................................................... 5 
MO ................................................................. <1 
Cbo ................................................................... 1 
B ..................................................................... 5 
F e  .................................................................... 1 
Na ................................................................... *l 
W ..................................................................... 5 
B a  ........................................................... U n d e t e c t e d  

to 25 ppm 

C a  ................................................................. (1 

Be ................................................................. <1 
Sr ................................................................. (1 
T a  .................................................................... 5 
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Company t o  be  used f o r  t h e  compression t e s t i n g  f a c i l i t y .  Figure 3 
i n  t h e  f irst  qua r t e r ly  r epor t  i s  a schematic of t h e  chamber. The 
chamber has been f ab r i ca t ed  and w i l l  be  de l ivered  t o  General E l e c t r i c  
i n  l a t e  October. Too, major accessory equipment required f o r  t h e  
f a c i l i t y ,  including step-down transformers ,  a sealed l inear -var iab le-  
d i f f e r e n t i a l  t r a n s f e r  f o r  s t r a i n  measurement and a s i l i c o n  c o n t r o l l i n g  
r e c t i f i e r  f o r  temperature cont ro l ,  has been received.  The design 
and s e l e c t i o n  of ma te r i a l s  f o r  t h e  loading t r a i n  components a l s o  
progressed. E i t h e r  K 6 0 1  o r  Carbolnv 883 w e - e  s ~ l . e c f 4  + m t , s + i v - l v  
f o r  t h e  p l a t en  material. 
furnace w i l l  be f ab r i ca t ed  from TZM molybdenum a l l o y  and t h e  sec t ions  
opera t ing  i n  t h e  cooler  areas w i l l  be made of Rene' 41 a l l o y .  

The loading heads wi th in  t h e  hot zone of t h e  

Thermal Expansion 

The  test techniques required t o  opera te  t h e  Chevenard d i la tometer  
were reviewed, and the  instrument 's  p rec i s ion  and r e l i a b i l i t y  were 
established by examining accumulated data and r epor t s  from previous 
inves t iga t ions .  Severa l  a l t e r n a t e  methods w e r e  proposed f o r  con- 
duc t ing  t h e  test under an i n e r t  atmosphere and t h e  necessary 
modif icat ions w e r e  evaluated for  s i m p l i c i t y  and r e l i a b i l i t y  i n  producing 
t h e  des i red  environment. These a l t e r a t i o n s  were incorporated i n t o  t h e  
prel iminary test p lan  submitted t o  NASA and, a f t e r  NASA approval,  w i l l  
be reported.  

F r i c t i o n  and Wear i n  Vacuum 

The design of t h e  high vacuum f r i c t i o n  and wear tester has been 
completed, and prel iminary engineering drawings were submitted t o  t h e  
NASA t echn ica l  manager on September 27, 1963 for r e v i e w .  To a s su re  
t h e  opera t iona l  i n t e g r i t y  of t h e  tester,  sha f t  s t a b i l i t y  and heat 
t r a n s f e r  ca l cu la t ions  w e r e  included i n  t h e  f i n a l  design.  With t h e  
e x i s t i n g  tester configurat ion,  t h e  main sha f t  w i l l  opera te  approximately 
20-25% below i t s  first c r i t i c a l  speed. 

T h e  ma te r i a l s  t h a t  w e r e  se lec ted  f o r  a l l  s t r u c t u r a l  ccmponents of 
t h e  tester w i l l  conform t o  e i ther  cur ren t  or modified AMS, ASTW, or  
GE spec i f i ca t ions .  Table I V  i s  a l ist  of s e l ec t ed  ma te r i a l s .  In  
add i t ion ,  me ta l lu rg ica l  and manufacturing process i n s t r u c t i o n s  have 
been prepared f o r  those  p a r t s  which, because of t h e i r  c r i t i c a l  na ture ,  
e .g . ,  t h e  s h a f t ,  or t h e i r  complex f ab r i ca t ion ,  e .g . ,  t h e  vacuum 
chamber, r equ i r e  engineer ing coverage t o  assure high r e l i a b i l i t y .  
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TABLE IV: MATERIALS SELECTION FOR HIGH VACUUM FRICTION AND WEAR T%S!IER 
Dwg. No. Pa r t  N a m e  Material Specification 

SK- 5 6 1 3 1 -2 5 0 
SK-56431-251 
SK-56131-252 
SK- 5 61 31 -2 5 3 
SK-56131-254 
SK-5 6 1 a  -255 
SK-56131-256 
S K-5 6 1 3 1 -2 5 7 
SK- 5 6131 -2 5 8 
812-56131-259 
SK-56131-260 
SK-56131-261 
SK-56131-262 
SK-56131-263 
SK-56131-264 
SK-56131-265 
SK-56131-266 
SK-56131-267 
SK-56131-268 
SK-56131-269 
SK-56131-270 
SK-5 61 3 1-271 
SK-56131-272 
SK-56131-273 
SK-56131-274 
SK-56131-275 
SK-56131-276 
SK-56131-277 
SK-56131-278 
SK-56131-279 
SK-56131-280 
SK-5613 1-281 
SK-56131-282 
SK-56131-283 
SK-56131-284 
SK-56131-285 
SK-56131-286 
SK-5 61 3 1-2 87 
SK-56131-288 
SK-56131-289 
SK-56131-290 
SK-5 6131-291 
SK-56131-292 
SK-56131-293 
SK-56131-294 
SK-56131-295 
SK-56131-296 
SK-56131-297 
SK-56131-298 
SK-56131-299 
SK-56131-300 

Assembly Drawing 
Bearing Housing 
Drive Shaft 
Sp acer-S ta t ionary 
Bearing Retainer 
Sleeve-Stationary 
G r e a s e  Retainer 
G r e a s e  R e t a i n e r  
Spacer-Shaf t 
Spacer-Shaf t 
Sleeve-Rotating 
Retainer 
Shaft  
Specimen Holder 
Specimen Holder 
Shield 
Shoulder Bolt 
Shim 
Reta iner  
Cooling Coils 
Bus B a r  
Bus B a r  Clamp 
H e a t  Shield C o v e r  
H e a t  Shield & Support 
Heating Element 
Vacuum Chamber 
Diaphragm 
Magnet 
Specimen Holder Assembly 
Washer 
Nut 
G a s k e t  
Sleeve 
Support 
Nut 
Bearing Housing 
Shim 
G i m b e  1 
Sleeve 
Bearing Housing 
Shaft 
B e l t  
Shim 
Shaft 
Support 

Type 304 SS 
Type 304 SS 
Type 304 SS 
lype 304 SS 
Al-Bronze 
Type 304 SS 
Type 304 SS 
Type 304 SS 
Type 304 SS 
Al-Bronze 
Type 304 SS 
M-252 
TZM 
!lzM 
M-252 
M-252 
Type 304L SS 
Type 304L SS 
Type 304L SS 
CU-OFHC 
cu-OFHC 
Ta 
Type 304L SS 
Ta  
Type 304L SS 
Inconel X 
C a s t  Alnico 5 

M-252 
M-252 
cu-OFHC 
Type 304 SS 
Type 304 SS 
TZM 

Tspe 304 SS 
Type 304 SS 
Al-Bronze 
Type 304 SS 
Type 304 SS 
Mylar 
Type 304 SS 
Type 304 SS 
Type 304 SS 

Type 304 ss 

T e s t  Specimen Holder Assembly 
Specimen Holder Rene ' 41 
Specimen Holder Extension Type 304 SS 
Flange & Bellows Assembly Type 304 SS 
Bellows Type 304 SS 
Shaft Wrench 

AMS 5647A 
AMs 5639A 
AMS 5639A 
w 53rd 
AMS 46303 
AMS 5513 
AMS 5513 
AMS 5639A 
AMS 5639A 
AlyIs 4630E 
AMS 5639A 
GE B50T55D 
SPPS 15 
SPPS 15 
GE B50T55D 
GE B50k55D 
AMs 5511A 
AMS 5647A 
AMS 5560D 
ASTM B187-55 
ASTM B187-55 
ASTM B364-61T 
AMS 5647A 
ASTM B364-61T 
AMS 5647A 
GE B50R216 
GE B3C9E 

GE B50T55D 
GE B50T55D 

ANIS 5647A 
AMS 5639A 
SPPS 15 
AMS 5639A 
A W  5513 
AMs 5639A 
AMS 463061 
AMs 5639A 
AMs 5639A 

ASaad B187-55 

AMs 5513 
AMs 5639A 
AMS 5639A 

GE C50T62 
AMs 5647A 

AMS .5560D 
AMs 5511UAMS 5647A 

SK-5 61 3 1-393 Magne t ( Unmachi ned ) Cast Alnico 5 GE B3C9E 
3 
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The materials f o r  t h e  major components of the  tester w e r e  s e l ec t ed  
us ing  t h e  dollowing c r i t e r i a :  

Material Cri ter ia  

Type 304 SS A l l  s t r u c t u r a l  p a r t s  not exposed t o  high vacuum 
environment. 

Type 304L SS A l l  p a r t s  exposed t o  high vacuum and/or r equ i r ing  
meta l lurg ica l  joining. 

M-252 P a r t s  r equ i r ing  good high temperature s t r eng th  and 
low thermal conduct ivi ty  . 

T Z M  P a r t s  r equ i r ing  good high temperature s t r eng th  and 
a l o w  coe f f i c i en t  of thermal expansion. Since the 
p a r t s  made from TZM w i l l  contac t  the  M-252 a l l o y ,  
an add i t iona l  considerat ion i n  the  s e l e c t i o n  of TZM 
was minimizing d i f fus ion  bonding. 

Inconel x P a r t s  r equ i r ing  high teasile strength and high 
f a t i g u e  s t r eng th  and l o w  magnetic permeabi l i ty .  

Rene' 41 P a r t s  r equ i r ing  exce l l en t  high temperature s t rength .  

Au p la t ed  
M50 A n t i f r i c t i o n  bearings requi red  to  opera te  i n  a high 
Ag p la t ed  vacuum. 
C i r c l e  C 

The remaining materials are obvious choices  f o r  the  intended app l i ca t ion ,  
i re . ,  OFHC copper f o r  low temperature e l e c t r i c a l  conductors,  tantalum 
f o r  hea t ing  elements and sh ie ld ing ,  and aluminum bronze f o r  s leeves.  

During the  q u a r t e r ,  quotat ions fo r  the  d r i v e  motor and t h e  synchronous 
permanent magnetic c lu t ch  were received. A s p e c i a l ,  thymatrol 
d r i v e  (5hp  output )  w i t h  manual speed c o n t r o l ,  accura te  to  2% of max- 
imum speed, meets the  requirements of the tester m o s t  adequately.  Based 
on s t u d i e s  performed a t  General Electric 's  Magnetic Materials Sec t ion ,  
i t  is apparent ly  f e a s i b l e  t o  t ransmit  5 hp a t  maximum design speed by 
modifying the  i n s i d e  and outs ide diameters of t he i r  commercially ava i l -  
able twenty-tooth permanent magnets. 

The high vacuum chamber manufactured f o r  and purchased by the  General 
E l e c t r i c  Company f o r  the  program has been checked o u t  successfu l ly  a t  
a 6 x 10-10 torr  vacuum using a General E l e c t r i c  Bayard-Alpert ioniza-  
t i o n  gauge. To achieve t h i s  p ressure ,  the pump-down t i m e  w a s  w i th in  
15  hours. As an ind ica t ion  of the  low leak rate of the  sys t em i n  
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conjunction with a 18-inch diameter x 30-inch high chamber, f i v e  days 
a f t e r  the  power t o  the  pump was s h u t o f f ,  t he  pressure  had increased 
from t h e  10-9 torr  t o  the  10-8 t o r r  range. 
a f t e r  t he  power w a s  resrtored, t h e  pressure  again dropped t o  the  
torr  range and subsequently t o  3 t o  4 x 10-10 torr. 

Within seve ra l  hours 

F r i c t i o n  and Wear i n  Liquid Potassium 

Design of the  l i q u i d  potassium version of the  f r i c t i o n  and wear 
tester w a s  i n i t i a t e d  and cur ren t ly  is  i n  t h e  f i n a l  s tages .  The 
design tha t  has been developed should m e e t  the  c r i t i ca l  requirements 
of t h i s  phase of the  program. One design c r i t e r i o n  w a s  t h a t  t he  
t es t  specimen conf igura t ion  and contac t  area of both the  l i q u i d  and 
d r y  vers ion  of t he  testers be i d e n t i c a l .  From the  s tandpoin t  of ob- 
t a i n i n g  comparable d a t a  with potassium a s  a lub r i can t  and without a 
lub r i can t  i n  a high vaccum, t h i s  is important.  
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V I I .  mum PLANS 

The summary procedure which  follows enumerates the  s t e p s  t o  be 
pursued during t h e  succeeding quar te r  t o  implement t h i s  study. 

1) Continue the  l i t e r a t u r e  search and t h e  compilation of property 
da+a or  cacdlr’a+P aat3-ials 

2) Receive t h e  seamless Cb-1Zr tub ing  f o r  t he  capsule  corrosion 
test program. 

3) Complete procurement spec i f i ca t ions  and order test specimens 
of candidate  materials. 

4) I n i t i a t e  cons t ruc t ion  of the  cor ros ion  and t h e  dimensional 
s t a b i l i t y  test fac i l i t i es .  

5) Conduct checkout tests on t h e  hot hardness and thermal expan- 
s ion  apparatus .  

6 )  Complete cons t ruc t ion  of t h e  compression test f a c i l i t y .  

7) Complete de t a i l  design of t h e  l i qu id  potassium frict ion and 
wear t e s t  r i g  and i n i t i a t e  de t a i l ed  manufacturing drawings. 
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